The use of Doppler ultrasound is an important tool in the obstetrical assessment of an at-risk fetus. Principles of the Doppler effect can be used to monitor placental and fetal blood flow in pregnancies complicated by fetal growth restriction or in the surveillance for fetal anemia from maternal alloimmunization. Indications and techniques for umbilical artery and middle cerebral artery Doppler assessment are reviewed.
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setting of IUGR and placental insufficiency. Reduction followed by reversal of end-diastolic blood flow in the umbilical artery has been shown to correlate with the degree of placental dysfunction, particularly the obliteration of small arteries in the tertiary stem villi. Reversed flow represents more advanced dysfunction, with more than 70% of placental arteries compromised. 2, 5 The most commonly used quantitative assessments of the umbilical artery using Doppler are the pulsatility index and systolic/diastolic (S/D) ratio. 3 These ratios are independent of the alterations of measured blood flow due to changes in the angle of insonation of the ultrasound beam. 4 The pulsatility index should be used in cases of absence of end-diastolic flow as the S/D will be immeasurable. Standard technique should be employed in obtaining the umbilical artery waveform to ensure reproducibility and accuracy of measurements (Table 1) . Doppler measurements should be taken from a free-floating loop of umbilical cord near the abdominal insertion site. Care should be taken to ensure the loop of cord is not compressed between the uterine wall and the fetus, as this can alter cord resistance and blood flow. Measurements taken near the placental insertion have a lower resistance than sites close to the abdominal insertion. 6 Measurements should be taken in the absence of fetal breathing and while the waveform is uniform. The umbilical artery is identified on color Doppler using the number of vessels identified, pulsatile color flow pattern, caliber, and blood flow direction. 7 The pulsed Doppler gate should be placed over the targeted area of the umbilical artery and the gate should be sized to ensure that only the artery is sampled. • Locate a free loop of uncompressed cord.
• Identify umbilical artery, using color Doppler as necessary.
• Magnify until the loop of cord fills the majority of the image.
• Pulsed Doppler gate 1-2 mm.
• Adjust caliper gate over single umbilical artery.
• Adjust power Doppler scale to fit velocity.
• Obtain at least 5 uniform waveforms for measurement of indices.
• Ensure absence of fetal breathing and movement during measurement.
• Observe the As Low as Reasonably Achievable (ALARA) principle during evaluation.
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Adjustments in the gain and pulsed Doppler scale should be made to ensure the flow velocity is within the measured scale. The angle of insonation should be kept as low as possible to maximize systolic and diastolic flow.
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MIDDLE CErEBrAL ArtErY
In contrast to the umbilical artery, fetal cerebral circulation is a high-impedance system (Figs 2A and B) . The middle cerebral artery (MCA) is the most accessible cerebral vessel to visualize via ultrasound and carries the majority of cerebral fetal blood. 8 The MCA is a terminal branch of the carotid artery, and arises from the circle of Willis within the fetal brain. A biphasic waveform corresponding to systole and diastole is produced when the MCA is evaluated by pulsed Doppler. 4 Forward flow of blood should occur during both phases of the cardiac cycle. Commonly used quantitative measurements of blood flow in the MCA include the peak systolic velocity (PSV) and resistance index. Currently, the assessment of and screening for fetal anemia in pregnancies complicated by maternal alloimmunization or congenital infections (e.g., parvo virus) is the accepted use of MCA Doppler evaluation. Normally, PSV increases with advancing gestation, necessitating the conversion of values of multiples of the median (MoM) to evaluate for pathological increases. In addition, PSV increases in the presence of fetal anemia due to increased cardiac output and lower blood viscosity. 4 Measurement of cerebral blood flow has also been investigated in fetal growth restriction, based on the physiologic redistribution of blood flow that occurs in the presence of fetal hypoxemia. Hypoxemia results in fetal adaptations in blood flow, with the preservation of flow to the brain, heart, and adrenal glands, producing the so-called "brain-sparing" effect. 9, 10 The cerebroplacental ratio (CPR) is calculated by dividing Doppler indices of the MCA by the indices of the umbilical artery. The pulsatility index is the most commonly used index in calculating the CPR, although other indices have been studied. This ratio accounts for the interaction of blood flow changes in the fetal brain as a result of increased placental resistance. 11 Abnormal CPR values <1 are typically defined as abnormal, although conversion of values to multiples of the median has also been reported. Recently, abnormal CPR values have been associated with increased risk of adverse perinatal outcomes, including Table 2 . The measurements should be performed when the fetus is at rest and MCA measurements should be repeated at least three times to minimize effects of fetal heart rate change on MCA indices. 15 Care should also be taken not to put excessive pressure on the fetal head during the measurement as this may falsely reduce end-diastolic flow. 7 Measurements should be taken from the proximal portion of the MCA, near its origin at the circle of Willis, as PSV decreases with increasing distance from the origin. 7 The angle of insonation should be as close to 0° as possible for most accurate estimations of blood flow velocity, although angle correction is possible and accurate if fetal positioning does not allow for this angle. 16 The highest point of the pulsed Doppler waveform is then measured to obtain the PSV and other indices. 
